Persistent ERK phosphorylation negatively regulates cAMP response element-binding protein (CREB) activity via recruitment of CREB-binding protein to pp90RSK.
Compound 5 (Cpd 5) or 2-(2-mercaptoethanol)-3-methyl-1,4-naphthoquinone, is an inhibitor of protein phosphatase Cdc25A and causes persistent activation of extracellular signal-regulated kinase (ERK) and cell growth inhibition. To study the mechanism(s) by which persistent ERK phosphorylation might induce cell growth inhibition, we used Cpd 5 as a tool to examine its effects on the activity of CREB (cAMP response element-binding protein) transcription factor in Hep3B human hepatoma cells. We found that CREB activity, including its DNA binding ability and phosphorylation on residue Ser-133, was strongly inhibited by Cpd 5, followed by suppression of CRE-mediated transcription of cyclin D1 and Bcl-2 genes. Cpd 5-mediated suppression of CREB phosphorylation and transcriptional activity was antagonized by mitogen-activated protein kinase kinase inhibitors PD 98059 and U-0126, implying that this inhibition of CREB activity was regulated at least in part by the ERK pathway. The phosphorylation of ribosomal S6 kinase (pp90(RSK)), a CREB kinase in response to mitogen stimulation, was also found to be inhibited by Cpd 5 action. This inhibition of pp90(RSK) phosphorylation is likely the result of its increased association with CREB-binding protein (CBP), which subsequently caused inhibition of CREB phosphorylation and activity. To support the hypothesis that Cpd 5 effects on Cdc25A inhibition with subsequent ERK activation could cause CREB inhibition, we examined the effects of Cdc25A inhibition without the use of Cpd 5. Hep3B cells were transfected with C430S Cdc25A mutant, and ERK was found to be phosphorylated in a constitutively activated manner, which was accompanied by decreased CREB phosphorylation and increased recruitment of CBP to pp90(RSK). These data provide evidence that CBP.RSK complex formation in response to persistent ERK phosphorylation by Cpd 5 down-regulates CREB activity, leading to inhibition of both cAMP response element-mediated gene expression and cell growth.